Three patients with recurring attacks of supraventricular tachycardia and no electrocardiographic evidence of the Wolff-Parkinson-White syndrome (WPW syndrome) were studied using intracardiae recordings and atrial stimulation. The findings are interpreted as evidence of a concealed WPW syndrome. In all patients there was antegrade block of the anomalous atrioventricular (A-V) pathway while retrograde conduction was unimpaired and allowed the initiation of the observed reciprocating tachycardias. The diagnosis was based on the assumption that the ventricular myocardium was an essential link in the re-entry circuit. The three most important findings to support this assumption are: 1) retrograde conduction time, measured by the Q-A' interval (Q in ECG to atrial echo), and the rate of tachycardia were dependent on the mode of intraventricular conduction; 2) the first Q-A' interval of the tachycardia was independent of the A-H interval (initiation of atrial impulse to first activation of the His bundle) of the initiating premature atrial depolarization-(PAD); 3) there was retrograde conduction following a ventricular premature beat during tachycardia at a time when the A-V node and/or the bundle of His would be refractory.
THE MANIFESTATION of re-entry mechanisms that do not follow the accessory pathway has been shown in patients with the Wolff-Parkinson-White (WPW) syndrome." 2 Atrioventricular nodal (A-V) reentry should therefore be considered a possible mechanism of supraventricular tachyeardias (SVT) in patients with a WPW syndrome.3' Differentiation between A-V nodal re-entry and re-entry via an accessory pathway (AP) is based on the identification of the structures involved.5 If, for example, the ventricular myocardium is found to be an essential link in the re-entry circuit, then the postulation of re-entry confined only to the A-V junction can be excluded and reciprocation via an accessory pathway should be assumed.
In three patients without electrocardiographic evidence of a WPW syndrome, participation of the ventricular myocardium in the re-entry circuit was found to be present during paroxysmal SVT. This observation provided sufficient evidence to establish the diagnosis of ventriculo-atrial conduction via an AP as the underlying mechanism in these SVTs.
Methods
The patients consented to the electrophysiological From the Kerckhoff-Klinik, Bad Nauheim, West Germany.studies, were in a nonsedated state and were not on antiarrhythmic medication at the time of examination.
A multipolar electrode catheter was placed via the right femoral vein at the right side of the ventricular septum adjacent to the bundle of His, according to the method described by Scherlag et al. ' From this catheter, filtered, low right atrial potentials and His bundle depolarizations were recorded by selecting two suitable electrodes. A second quadripolar catheter was positioned via the femoral vein in the right atrium. Two electrodes were used to record a high right atrial electrogram (AE), while the remaining two electrodes served for atrial stimulation. Simultaneously, several leads of surface ECG were registered. Surface ECG and intracardiac electrograms were recorded on magnetic tape and displayed with a paper speed of 100 mm/sec using an ink writing system. The atrial stimuli consisted of rectangular impulses of 2.0 msec duration and twice diastolic threshold. Stimuli were applied either in the form of premature atrial depolarizations (PAD) after each eighth spontaneous or paced beat, or continuously with an increasing rate.
Results

Case 1
A 17-year-old boy related a history of frequent episodes of tachycardia. The ECG at sinus rhythm (70 beats/min) showed a P-Q interval of 120 msec without evidence of WPW syndrome.
Sinus rhythm (100 beats/min) was present at the beginning of the electrophysiological study. P-Q interval measured 125 beats/min, the A-H interval lengthened to only 80 msec. The H-Q interval and the QRS configuration remained unchanged. At sinus rhythm a PAD with a coupling interval (P wave to stimulus artifact = P-S interval) of 360 msec was conducted with an unchanged A-H interval, while the H-Q interval increased to 80 msec and right bundle branch block (RBBB) occurred ( fig. 1 ). This QRS complex was followed by an atrial echo (A'), which then initiated SVT. In all atrial potentials interpreted as atrial echoes (A'), deflections in AE occurred 20 msec prior to atrial potentials in the HBE. While the Q-A' interval (measured from the onset of QRS on the ECG to the initial rapid deflection of atrial potentials in AE) was 140 msec in the two QRS complexes with RBBB pattern, normalization of intraventricular conduction was accompanied by an abrupt shortening of the Q-A' interval to 80 msec. Concomitantly, the cycle length of tachycardia shortened from 300 to 250 msec.
When the coupling interval (P-S) was decreased to 280 msec ( fig. 2 ), a PAD was conducted with nodal delay (A-H, 85 msec) as well as with delay in the HisPurkinje system (HPS) with an H-Q interval of 120 msec. The resulting QRS was of left bundle branch block (LBBB) configuration and was followed by an atrial echo. The Q-A' interval was then 80 msec, identical Circilatlon, Volume 51. Jantiary 9y7,5~~~~~~~~~~~5
,1 fig. 2 ). This block was most probably due to the longer preceding R-R interval (670 msec compared to 590 msec in fig.  2a ). While A-V nodal conduction was delayed to the same extent as in figure 2a, conduction block below the bundle of His prevented the appearance of an atrial echo.
At a driving cycle length of 400 msec (150 beats/ min), PADs with coupling intervals shorter than 270 msec repeatedly elicited SVT. These PADs were conducted without apparent ventricular aberrancy and unchanged H-Q intervals. The minimal prolongation of A-H interval needed to start a SVT was found to be 90 msec. If the A-H interval of the induced PAD was longer than 90 msec, the Q-A' interval remained constant.
Supraventricular tachycardia in this patient could be terminated by rapid atrial stimulation. There was atrial capture at a paced rate of 280 beats/min and a 2°A-V block with Wenckebach periods. If pacing was stopped and the last stimulated atrial depolarization was blocked proximal to the bundle of His, the tachycardia was terminated.
Interpretation
The short P-Q interval, due to a short A-H interval, with a narrow QRS complex in a patient with SVT suggests the existence of the syndrome of Lown, Ganon, and Levine7 and re-entry confined to the A-V junction should be considered as a possible mechanism in SVT. 8 RBBB the excitation wave reaches the right ventricle and consequently the postulated right-sided AP with delay. Under these conditions retrograde conduction time will be prolonged (Q-A', 140 msec). Since the reentry time is composed of the sum of conduction times in each involved part, it is evident that the rate of tachycardia is slower when there is delay due to RBBB. This is in accordance with the assumption of a re-entry mechanism in which the right ventricle takes part.
The unusual sequence of atrial potentials in atrial echoes cannot possibly be explained by a migration of the position of AE electrodes since the sequence of atrial potentials during sinus beats or atrial echoes was reproducible during the entire study. While the sequence is compatible with sinoatrial re-entry, this alternative hypothesis does not explain our findings. Our explanation is that, given a lateral right ventricular insertion of AP, spread of retrograde atrial excitation via the AP may reach the AE electrodes before the electrodes positioned in the vicinity of the A-V node (HBE).
Case 2
The 36-year-old male patient was admitted because of frequent paroxysms of rapid heart action. Clinical examination revealed no pathologic findings. The ECG on admission showed a normal P-Q interval (160 msec) and no signs of WPW syndrome.
During sinus rhythm (90 beats/min) the P-Q interval was 140 msec at the beginning of the electrophysiological study and its components included P-A, 45 msec; A-H, 55 msec; H-Q, 40 msec. One-to-one A-V conduction continued up to an atrial driving rate of 200 beats/min, but A-H increased to only 90 msec. At sinus rhythm, PADs with a coupling interval shorter than 300 msec elicited SVT with rates between 185 and 240 beats/min. At the beginning of these runs, QRS complexes showed a LBBB pattern ( fig. 3) . Normalization of intraventricular conduction was accompanied by sudden decrease in cycle length (R-R intervals shortened from 320 to 270 msec) and a shortening of the Q-A' intervals (Q-A' in LBBB, 190 msec; in incomplete LBBB, 150 msec; and in normalized QRS complexes, 130 msec).
At a basic heart rate of 100 beats/min, PADs with coupling intervals of 290 msec and shorter elicited atrial echo phenomena and runs of SVT. Paroxysms triggered at this heart rate always showed a RBBB pattern with a cycle length of 240-260 msec ( fig. 3b) . The Q-A' intervals were identical in beats having a RBBB configuration to those of undisturbed intraventricular conduction (130 msec).
In a few runs of SVT with normal QRS complexes, sudden prolongations of A'-H were observed (fig. 4) . figure 3 .
Interpretation
As in case 1, the relation of both the Q-AK interval and the rate of SVT to intraventricular conduction disturbances can serve as evidence that the ventricular myocardium is part of the re-entry circuit. It is thus reasonable to assume the existence of an AP between left ventricle and left atrium since retrograde conduction time (Q-A' interval) was longer during SVT with complete and incomplete LBBB. Case 3 A 25-year-old female patient gave a history of recurrent episodes of tachycardia. With a normal P-Q interval (150-160 msec), the ventricular complex did not show evidence of WPW morphology.
During sinus rhythm (90 beats/min), the P-Q interval of 160 msec was subdivided into a P-A, 40 msec; A-H, 70 msec; H-Q, 50 msec. At coupling intervals (P-S) less than 360 msec, PADs evoked SVT with rates ranging between 185-210 beats/min, as long as they were conducted with a P-Q interval of at least 180 msec. The Q-A' interval during these runs always measured 130 msec, whether intraventricular conduction was normal or disturbed by functional RBBB (fig.  5 ). Also normalization of QRS configuration did not cause abrupt changes in the rate of tachycardia. The beat-to-beat alterations seen in figure 5 were due to variations of the A'-H and H-Q intervals. A refractorydependent LBBB could never be evoked by PADs.
After administration of 50 mg ajmaline, SVT In this case normal conduction and conduction disturbances in the right bundle branch did not alter the Q-A' interval, and consequently did not change the rate of tachycardia. While by this finding, an AP between the right atrium and the right ventricle can be ruled out, A-V junctional re-entry cannot be excluded. The most important argument for V-A conduction via an AP is the shortening of the A'-A' interval by right ventricular extrasystoles. They did not occur prematurely enough to reach the His bundle (i.e., the final common pathway if SVT were due to longitudinal dissociation of the A-V node) prior to the arrival of orthograde excitation. A few ventricular ex- 
Discussion
The electrophysiological data obtained in all our patients favor the postulation of V-A conduction during SVT via an AP bypassing the A-V junction.
Reciprocal activation resulting in the occurrence of echo phenomena is only possible when the re-entry time is prolonged sufficiently to allow the recovery of the previously excited re-entry path. In SVT due to longitudinal dissociation of the A-V node, the return level is localized above the bifurcation of the specialized conduction system, i.e., proximal to the bundle of His. The occurrence of echo phenomena is dependent, therefore, on a critical A-H prolongation.`On the other hand, when the ventricular myocardium is involved in the re-entry circuit, conduction delay may occur in the HPS exclusively, as was observed in the first patient ( fig. 1) (fig. 2b) .
The continuation of the first Q-A' interval in beats with identical patterns of intraventricular conduction, but various prolongations of the A-H interval of the PAD may serve as a further argument for V-A conduction by means of an AP. By careful analysis of V-A conduction in patients with WPW syndrome, Wellens and Durrer`2 have recently shown that refractorydependent delay in retrograde conduction time via an AP is very slight. Therefore, the coupling interval of the atrial echo (Q-A') should be constant. In the case of longitudinal dissociation of the A-V junction, the timing of QRS and A' may vary in SVT as the timing is a function of antegrade and retrograde intranodal conduction times. '3 Further evidence of accessory V-A conduction is provided by the behavior of the Q-A' interval during SVT with and without functional bundle branch block. This behavior also allows conclusions regarding the insertion of the AP. In the first patient the postulation of an AP inserting into the right ventricle is reached because of delay shown during RBBB, while in the second patient an AP inserting into the left ventricle is hypothesized because of delay during LBBB. Therefore, under the given conditions, the Q-A' intervals were longer, and accordingly the rate of SVT low. This agrees with the interpretation given by Slama14 and Coumel" in four patients with concealed WPW syndrome.
In the third patient there was spontaneously occurring RBBB during SVT also. The Q-A' interval and the rate of tachycardia were not altered however. According to this finding, V-A conduction via a rightsided AP can be excluded. The fact that following ventricular premature beats V-A conduction occurred at a time when the His bundle was refractory provides convincing proof that re-entry did not involve the A-V junction ( fig. 6) .
While V-A conduction via the postulated AP was unimpaired up to high rates (1:1 V-A conduction during SVT), no evidence for accessory A-V conduction could be ascertained in our three cases, either during sinus rhythm or during high rate atrial pacing or with PADs. Generally, unidirectional block of the AP should be considered, particularly if intra-atrial conduction disturbances as the cause for concealed WPW syndrome can be ruled out, for instance, by studying the intra-and interatrial activation sequences.5' 14 Left atrial stimulation may help to differentiate between concealed WPW syndrome caused by interatrial conduction disturbances and instances of true unidirectional block of the AP.
Considering the electrophysiological findings obtained by Fuente et al.,"6 unidirectional block of an AP is probably not rare. It is obvious that the therapeutic approach of the tachycardia in cases with concealed WPW syndrome might be different from cases with A-V junctional tachycardias. It therefore is advisable to identify the re-entry path in patients with recurrent tachycardias whose ECGs did not show WPW morphology. In patients with therapy-resistant tachyeardias due to this mechanism, invasive diagnostic methods such as epicardial mapping should be considered,'7 since a surgical intervention might be the only successful remedy. '11
